
Prospective Clinical Research Report

Oximetry at admission as a
predictor of tomographic and
functional impairment after
3–6 months in hospitalized
patients with COVID-19

Pedro Maximink Esteves Villar1 ,
Paulo Roberto Ara�ujo Mendes1,
Tatiana Alves Kiyota1,
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Abstract

Objective: To investigate characteristics that may be associated with radiologic and functional

findings following discharge in patients with severe coronavirus disease 2019 (COVID-19).
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Methods: This single-center, prospective, observational cohort study comprised patients aged

>18 years who were hospitalized with COVID-19 pneumonia, between May and October 2020.

After 3 to 6 months of discharge, patients were clinically evaluated and underwent spirometry, a

6-minute walk test (6MWT), and chest computed tomography (CT). Statistical analysis was

performed using association and correlation tests.

Results: A total of 134 patients were included (25/114 [22%] were admitted with severe hyp-

oxemia). On the follow-up chest CT, 29/92 (32%) had no abnormalities, regardless of the severity

of the initial involvement, and the mean 6MWT distance was 447 m. Patients with desaturation

on admission had an increased risk of remaining CTabnormalities: patients with SpO2 between 88

and 92% had a 4.0-fold risk, and those with SpO2 < 88% had a 6.2-fold risk. The group with SpO2

< 88% also walked shorter distances than patients with SpO2 between 88 and 92%.

Conclusion: Initial hypoxemia was found to be a good predictor of persistent radiological

abnormalities in follow-up and was associated with low performance in 6MWT.
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Introduction

Since December 2019, the coronavirus disease
2019 (COVID-19) pandemic has increased in
magnitude, with increased morbidity and
mortality rates, becoming a public health
emergency with a global impact. A total of
548066834 confirmed cases and 6336909
deaths had been recorded worldwide by
1 July 2022, and in Brazil, alarming numbers
were recorded, with 32358018 confirmed
cases, including 671416 deaths by this time.1

The severe acute respiratory syndrome
coronavirus 2 (SARS-CoV2) infection
exhibits great variability in clinical presenta-
tion, from the asymptomatic patient to
patients with severe pneumonia that can
progress to respiratory distress syndrome
and death.2–5 Thus far, the extent to which
the initial severity of COVID-19 impacts or
predicts the persistence of structural and
functional abnormalities in the respiratory
system remains unclear.

Most previously published studies on the
follow-up of post-covid patients have
focused on evaluation until the 6th or
12th month after hospital discharge.6–16

Some studies have shown that individuals

with severe disease may still present with

radiological changes, such as mosaic atten-

uation, thickening of interlobular septa and

reticulations, and functional abnormalities,

such as impairment in diffusing capacity of

the lungs for carbon monoxide (DLCO),

walking distance in the 6-minute walk test

(6MWT), and total lung capacity.6–16

The present study aimed to investigate

whether there were correlations between a

patient’s baseline clinical and demographic

data, hospital admission features, and ven-

tilatory management with the persistence of

tomographic, lung function, and functional

capacity (6MWT and dyspnea assessment)

impairment after 3–6 months from hospital

discharge in patients with moderate to

severe COVID-19.

Patients and methods

Study population

This single-center, prospective, observa-

tional cohort study included consecutive
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patients aged >18 years who were admitted
to Hospital de Cl�ınicas da Unicamp
(Campinas, S~ao Paulo, Brazil) for treat-
ment of COVID-19 pneumonia, with a
diagnosis confirmed by real-time polymerase
chain reaction, in the period between May
and October 2020. The Research Ethics
Committee of the Faculty of Medical
Sciences of University of Campinas approved
this study (ruling 31783420.7.0000.5404).
Patients who did not attend a follow-up
assessment until 3 months after hospital dis-
charge, those who declined to participate, and
those who were elderly or had comorbidities
or disabilities that prevented them from per-
forming the functional tests were excluded.

Patients were evaluated in outpatient
care and invited to be followed until
3 months after hospital discharge. Those
who agreed to participate provided written
informed consent prior to study inclusion.
At this time, clinical evaluation, spirometry,
and 6MWT were performed, and a high-
resolution chest computed tomography
(CT) scan was scheduled. All patient details
were de-identified for the study, and the
reporting of this study conforms to
STROBE guidelines.17

Hospitalization data were collected by
reviewing online medical records. All med-
ical procedures were performed by the
attending team. Saturation of peripheral
oxygen (SpO2) was assessed by pulse oxim-
etry at hospital admission. Two experienced
pulmonologists (PV and MP) evaluated CT
scans performed during hospitalization and
follow-up, and doubtful cases were resolved
by consensus. The severity stratification of
initial CT results was based on Radiological
Society of North America (RSNA) guide-
lines.18 CT images were classified, by sub-
jective visual analysis, as typical for
COVID-19, atypical, indeterminate, and
negative (no abnormalities). The degree of
lung involvement on CT was classified as
mild (<25%), moderate (between 25 and
50%), or severe (>50%). For statistical

analysis, follow-up high resolution CT
(CT performed at 3–6 months following
discharge) was classified as normal or
abnormal.

Physical therapists (BV, LR, LO, and
AL) performed the 6MWT according to
international recommendations,19 in a 30-m
corridor, with an assessment of vital signs
(SpO2, heart rate, and respiratory rate) and
Borg scale immediately prior to testing and
at the end of the 6MWT. The distance
walked (6MWD) was determined in m, and
the predicted distance was calculated accord-
ing to the equation published for the
Brazilian population.20

Spirometry was performed in a large,
ventilated room (by WV), with all necessary
precautions to ensure the safety of the patient
and health professionals, according to
the American Thoracic Society/European
Respiratory Society (ATS/ERS) recommen-
dations.21 The portable Easy One WordVR spi-
rometer was used, and Brazilian reference
values were adopted.22 Forced vital capacity
(FVC), forced expiratory volume in one
second (FEV1), and FEV1/FVC ratio were
evaluated. Ventilatory disorders were classi-
fied as obstructive ventilatory disorder
(OVD): FEV1/FVC ratio <0.7 or below the
lower limit of normality (LLN); obstructive
ventilatory disorder with reduced FVC (FVC
<LLN); probable restrictive ventilatory dis-
order (RVD): FVC<LLN and FEV1/FVC
ratio >0.7; and normal spirometry.

Data and statistical analyses

Test results and collected data were recorded
and stored in the Research Electronic Data
Capture online platform (REDCap; https://
www.project-redcap.org/).23 Data were ana-
lysed using Jamovi software, version 2.2
(The Jamovi project [2021], https://www.
jamovi.org) and R software, version 4.0
(https://cran.r-project.org).

Categorical data are presented as abso-
lute and percentage values. Quantitative
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data are presented as mean�SD and
median (depending on normality of distri-
bution). The normality of data distribution
was assessed with Shapiro–Wilk test, and a
sample size of 134 participants was consid-
ered suitable considering an alpha
error¼ 0.05, beta error¼ 0.8, and r¼ 0.40.
A P value <0.05 was considered statistically
significant.

Patients were grouped according to hos-
pital admission SpO2 (<88%, 88–92% or
�93%); use of mechanical ventilation (yes
or no); admission to the intensive care unit
(ICU) during hospital stay (yes or no);
severity of lung involvement at admission
according to CT (<25%, 25–50% or
>50%); CT results at 3–6 months following
discharge (normal or abnormal); modified
Medical Research Council (mMRC) dys-
pnea scale classification after discharge
(mMRC 0–1 or mMRC �2); and FVC
(<LLN or >LLN). Between-group differen-
ces in categorical variables were compared
using v2-test, whereas Student’s unpaired
t-test and Mann–Whitney U-test were used
to compare parametric and non-parametric
continuous variables, respectively. Bivariate
correlations between variables were exam-
ined using Pearson’s correlation coefficient
for normally distributed data and
Spearman’s rank correlation coefficient for
non-normal or categorical data. Given that
age, sex, presence of comorbidities (hyper-
tension, respiratory disease, diabetes, and
obesity), ICU hospitalization, use of
mechanical ventilation, SpO2 on admission,
mMRC dyspnea scale after discharge,
abnormal CT at 3–6 months following dis-
charge, FVC<LLN and 6MWD were con-
sidered to be the major parameters, only
these parameters were evaluated in correla-
tion analysis.

The independent predictors of selected
parameters were evaluated by stepwise
regression analysis. Multiple logistic regres-
sion with stepwise selection of the depen-
dent variables to be included in the

models was performed to identify indepen-
dent associations between SpO2 and CT at
3–6 months. Given the high collinearity
among the parameters, only SpO2 and age
variables were included at a time in the
regression model.

Analysis of variance (ANOVA) was used
to compare 6MWD between patients
grouped by SpO2 (<88%, 88–92%, or
�93%). Variables were considered for
ANOVA after analysis with histograms,
normality plots, and residual scatter plots
that tested for linearity, normality, and var-
iance. Tukey’s post-hoc test was used to
identify which SpO2 category was more
closely associated with shorter distances in
the 6MWT.

Results

A total of 469 patients with COVID-19
viral pneumonia were admitted to the
Hospital de Cl�ınicas, State University of
Campinas between 1 May and 31 October
2020. Of these patients, 134 were included
in the present study (Figure 1), 60.4% of
whom (81 patients) were male. The mean
age of the study population was 55.7
years, mean body mass index (BMI) was
31.1 kg/m2, and patients were mostly white
(95/120 [79%]). Ninety-three percent (125/
134) of the patients had comorbidities, the
main ones being hypertension (46%), obe-
sity (40%), and type 2 diabetes mellitus
(29%), and (35.6%) were former smokers.
Medications were used by 75% of the
patients, and the most used was the angio-
tensin receptor blockers class (35/134
patients [26%]). Demographic and clinical
data are summarised in Table 1.

Patients were admitted 8.8� 4.1 days
after symptom onset; 33/118 (28%) were
admitted to the ICU. The main symptoms
reported were dyspnea in 96 cases (72%),
cough in 88 (66%), fever in 73 (54%), and
myalgia in 51 (38%). At admission, 33/90
(37%) presented with tachycardia, 80/98 (82%)
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with tachypnea, and 25/114 (22%) with
SpO2 < 88%. The mean length of hospital
stay was 15.2� 15.8 days, and ICU stay
was 17� 16.4 days. Thirty percent of
patients (33/109 who received oxygen)
remained on mechanical ventilation at
some point during hospitalization, for a
mean duration of 15.4� 11.0 days, 20 of
whom (61%) were ventilated in prone posi-
tion (Table 2).

On admission, 132 CT scans were per-
formed, of which, 124 (94%) were typical
in appearance. Ground-glass findings were
observed in 124 of the typical CTs (100%),
consolidations in 92 (74%), and crazy
paving in 48 (39%). Bilateral alterations
were present in 118 (95%), peripheral dis-
tribution in 69 (56%), and 89 (72%) had
25% or greater involvement of the lung
parenchyma. The mean time between hos-
pital admission and follow-up CT was
127� 33.9 days. At follow-up, 92 CT
scans were performed between 3 and 6
months following hospital discharge, with
29 (32%) of the scans already free of
changes attributable to COVID-19 pneu-
monia. The radiological findings are sum-
marised in Table 3.

In the follow-up clinical evaluation, 61
patients had dyspnea, of whom, 26 patients

Table 1. Clinical and demographic characteristics
of patients who were hospitalized with coronavirus
disease 2019 pneumonia.

Variable

Study population

(n¼ 134)

Sex

Male 81 (60.4)

Age, years 55.7� 13.3

Ethnicity*

White 95 (79)

Afro-descendants 25 (21)

Not available 14 (10)

Comorbidities 125 (93)

Hypertension 62 (46)

Obesity 53 (40)

Diabetes mellitus 39 (29)

Respiratory disease

Asthma 9 (7)

COPD 3 (2)

PH 1 (1)

Smoking (n¼ 104)*

Active 0 (0)

Former 37 (35.6)

Never smoked 67 (64.4)

Body mass index 31.1� 6.5

Medications in use 101 (75)

ARB 35 (26)

ACEI 13 (10)

Insulin 9 (7)

Data presented as n (%) prevalence or mean� SD.

ARB, angiotensin receptor blocker; ACEI, angiotensin-

converting enzyme inhibitor; COPD, chronic obstructive

pulmonary disease; PH, pulmonary hypertension.
*Full data was not available on medical records.

Figure 1. Flow diagram showing patient selection for inclusion in the cohort study.
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(43%) had an mMRC dyspnea classifica-

tion �2. Pulmonary function tests were per-

formed at a mean of 139� 26.8 days after

discharge from hospital. Of the 101 follow-

up spirometries performed, 52 patients

(51%) had possible restrictive lung disor-

der, and 40 (40%) were within the normal

range. In the 6MWT, the mean walking dis-

tance was 447m. Results are summarised in

Table 4.
In logistic regression analysis, hospital

admission SpO2 levels <88% and 88–92%

were found to be predictors of the persis-

tence of CT abnormalities at follow-up

between 3 and 6 months after discharge,

regardless of age (odds ratio [OR] 6.20;

95% confidence interval [CI] 1.37, 28.16)

and (OR 4.03; 95% CI 1.19, 13.63), respective-

ly (Table 5). Model 1, containing only catego-

rized SpO2 levels was significant (X2¼ 9.09;

P< 0.05; Nagelkerke’s R2¼ 0.148), and

model 2, containing categorized SpO2 levels

and age, was superior to model 1 in predict-

ing persistence of tomographic changes at

3–6 months after discharge (X2¼ 16.85;

P< 0.001; Nagelkerke’s R2¼ 0.263).
Regarding the 6MWD, ANOVA and

Tukey’s post hoc analysis showed that

patients with SpO2< 88% on admission

walked shorter distances in the 6MWT

(379� 120.2 m) than those who were admit-

ted with SpO2 between 88 and 92% (471�
103.2m; P¼ 0.028).

Patients who used mechanical ventilation

had a lower median 6MWD compared with

those who did not use mechanical ventila-

tion (419m versus 471m, P< 0.05; Mann–

Whitney U-test), and lower % of predicted

distance (76.9% versus 86.1%, Iwama

et al.20 reference values; P< 0.05; Mann–

Whitney U-test). In addition, patients with

abnormal CT at 3–6 months following dis-

charge presented with lower median 6MWD

Table 2. Hospital admission characteristics and
hospital care in patients who were hospitalized with
coronavirus disease 2019 pneumonia.

Variable

Study

population

Destination on admission (n¼ 118)*

ICU 33 (28)

Ward 85 (72)

Hospitalization from

symptom onset (days)

8.8� 4.1

Initial symptom

Dyspnea 96 (72)

Cough 88 (66)

Fever 73 (54)

Myalgia 51 (38)

Vital signs on admission

HR (n¼ 90)*

�99 bpm 57 (63)

> 100 bpm 33 (37)

RR (n¼ 98)*

�20 rpm 18 (18)

21–30 rpm 63 (64)

>30 rpm 17 (17)

Peripheral oxygen saturation (n¼ 114)*

<88% 25 (22)

88–92% 59 (52)

�93% 30 (26)

ICU hospitalization (n¼ 117)* 53 (45)

Days in ICU 17.1� 16.4

Days hospitalized (n¼ 117) 15.2� 15.8

Oxygen supply (n¼ 109)*

Catheter <2 L/min 20 (18)

Catheter 3–5 L/min 35 (32)

Non-rebreathing mask 21 (19)

Mechanical ventilation 33 (30)

Days on MV (n¼ 33) 15.4� 11.0

Pronation (n¼ 115)*

No 47 (41)

Yes, ‘awake prone’ 48 (42)

Yes, on MV 20 (17)

Treatment (n¼ 115)*

Prophylactic enoxaparin 85 (74)

Corticosteroids 101 (88)

Data presented as n (%) prevalence or mean� SD.

ICU, intensive care unit; HR, heart rate; RR, respiratory

rate; MV, mechanical ventilation.
*Full data was not available on medical records.
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than those with normal CT (442.3m versus

497.6m; P< 0.05).
There was a positive and moderate cor-

relation between the severity of initial CT
involvement and longer ICU stay (<25%
[10.5� 7.99 days], 25–50% [9.24� 6.47

days], and >50% [23.6� 19.6 days];
r¼ 0.42, P¼ 0.002; Spearman’s rank corre-

lation coefficient). In addition, the number
of days using mechanical ventilation, days
in the ICU, and mMRC dyspnea scale score

after discharge were each found to moder-
ately inversely correlate with the 6MWD

(q¼ –0.434; P< 0.05; q¼ –0.489; P< 0.05;
and q¼ –0.476; P< 0.001, respectively;
Spearman’s rank correlation coefficient).

The severity of CT involvement at
admission was not found to be associated

with the persistence of abnormal CT scans
at 3–6 months following discharge

(P¼ 0.87; v2-test) or with FVC<LLN on
spirometry (P¼ 0.15; v2-test). In terms of

lung function, there was no association

between desaturation on admission and

FVC<LLN during follow-up (P¼ 0.219),

or between abnormal CT at 3–6 months fol-

lowing discharge and possible restrictive

ventilatory disorder (P¼ 0.215).
Additional data analyses are presented in

Supplementary Figure 1 and 2 (admission

SpO2 levels versus follow-up CT and follow-

up CT according to patient sex, respectively),

Supplementary Graphs 1–5 (6MWD analy-

ses), and Supplementary Table 1 (association

between 6MWD and FVC<LLN).

Discussion

The medium and long-term consequences relat-

ed to hospitalization for severe COVID-19 are

not yet fully known, and risk factors associ-

ated with persistent pulmonary structural and

functional changes are only recently being

described. Patients who are more critically

Table 3. Computed tomography (CT) aspects of hospitalization and follow-up (3–6 months) after discharge
in patients who were hospitalized with coronavirus disease 2019 pneumonia.

Variable
Study population

Chest CT Admission CT (n¼ 132) Follow-up CT (n¼ 92)

Typical appearance 124/132 (94) 58/92 (63)

Ground glass opacities 124 (100) 58 (100)

Consolidations 92 (74) 3 (5)

Crazy paving 48 (39) 1 (2)

Inverted halo 3 (2) 13 (22)

Peripheral distribution 69 (56) 45 (78)

Bilateral distribution 118 (95) 52 (90)

Multifocal distribution 62 (50) 8 (14)

Lung involvement <25% 35 (28) 52 (90)

Lung involvement 25–50% 52 (42) 6 (10)

Lung involvement >50% 37 (30) 0 (0)

Indeterminate appearance 4/132 (3) 1/92 (1)

Atypical appearance 2/132 (2) 4/92 (4)

Negative for pneumonia 2/132 (2) 29/92 (32)

Pulmonary thromboembolism 10/41 (24) –

Data presented as n (%) prevalence.
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ill seem to be more likely to have residual

symptoms, and physiological, radiological,

and respiratory functional changes,14,15 simi-

lar to findings previously described in the

follow-up of patients hospitalized with
severe acute respiratory syndrome (SARS).24

The demographic and clinical character-
istics of the current patients – mostly men in

Table 4. Follow-up lung functional tests (3–6 months) after discharge in patients who were
hospitalized with coronavirus disease 2019 pneumonia.

Variable

Study population

(n¼ 134)

Dyspnea after discharge 61 (46)

mMRC scale score 0–1 35 (57)

mMRC scale score �2 26 (43)

Spirometry (n¼ 101)

OVD with reduced FVC 5 (5)

OVD 4 (4)

Possible RVD 52 (51)

Normal 40 (40)

FVC (L) 3.1� 0.9

FVC (%) 79.5� 15.8

FEV1 (L) 2.5� 0.8

FEV1 (%) 80.7� 17.9

FEV1/FVC 80.4� 7.8

6MWT (n¼ 90) Rest 6th minute

SpO2 (%) 97.3� 1.5 95.4� 3.4

RR (rpm) 17.0� 3.5 22.7� 4.6

Borg 0.7� 1.3 2.9� 2.7

Delta SpO2 (%) –2.0� 3.0

Walked distance (m) 447� 114.2

% of predicted distance (Iwama et al.20) 80.4� 20.0

Delta HR 25.8� 15.5

Data presented as n (%) prevalence or mean� SD.

OVD, obstructive ventilatory disorder; RVD, possible restrictive ventilatory disorder; FVC, forced vital

capacity; FEV1, forced expiratory volume in one second; 6MWT, 6-minute walking test; HR, heart rate;

RR, respiratory rate; mMRC, modified Medical Research Council.

Table 5. Logistic regression analysis.

Predictor Estimate SE Z

Statistical

significance OR

95% CI

Lower Upper

Intercept –3.711 1.401 –2.65 P¼ 0.008 0.024 0.001 0.381

SpO2 on admission

<88% – �93% 1.826 0.772 2.37 P¼ 0.018 6.208 1.368 28.165

88–92% – �93% 1.393 0.622 2.24 P¼ 0.025 4.028 1.191 13.628

Age 0.060 0.023 2.59 P¼ 0.010 1.062 1.014 1.112

Estimates represent the log odds of ‘CT at 3–6 months¼ abnormal’ versus ‘CT at 3–6 months¼ normal’.

SpO2, saturation of peripheral oxygen; OR, odds ratio; CI, confidence interval.
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their 50s, with comorbidities and a mean
BMI of 31 kg/m2 – were compatible with a
large population-based observational study
conducted in the Brazilian population
during the same period.25

At hospital admission, most of the cur-
rent patients exhibited severe CT involve-
ment, with 42% showing impairment
between 25 and 50%, and 30% of patients
exhibiting greater than 50% involvement,
similar to admission CT findings presented
by another Brazilian prospective study.26

Nevertheless, at follow-up CT after dis-
charge, 32% of patients already had
normal CT, regardless of the severity of ini-
tial tomographic involvement. This rate of
resolution of CT involvement was similar
to findings of two other prospective cohort
studies that performed CT within 6 months
of hospitalization and showed normal CTs
in 30–38% of the scans.9,27 In the current
study, abnormal follow-up CT and dyspnea
after discharge were found to be correlated
with shorter 6MWD, which may reveal a
medium-term lower exercise capacity and
daily activities performance impairment.
The further clinical impact of these findings
require clarification with long-term follow-
up studies.

Corroborating the finding of complete
radiological recovery in almost one-third
of the patients, approximately 40% of the
spirometries performed in the study were
found to be normal. These results are similar
to those found in previously published studies
with 6- and 12-month follow-ups, in which
the patients had good functional and physical
capacity recovery in the long term.14,15 In the
6MWT, the mean walking distance was
447m, which corresponded to 80.4% of the
mean predicted value for the Brazilian popu-
lation, and was similar to the mean distances
reported by other studies, of between 400m
and 585m by the 6th month.14,15,26–30

A very crucial finding was the evidence
that low SpO2 on admission was correlated
with the persistence of CT changes at

follow-up, as well as functional abnormali-
ties. Patients who were admitted with SpO2

<88% were 6.2 times more likely to persist
with tomographic changes at 3–6 months
after hospital discharge compared with
patients who arrived with SpO2 �93%.
Furthermore, regardless of age, SpO2

between 88 and 92% was also a significant
predictor of persistent tomographic changes:
patients who arrived with SpO2 between 88
and 92% were 4.03 times more likely to per-
sist with CT abnormalities at 3–6 months fol-
lowing discharge. This finding underscores
the already established importance of the
noninvasive measurement of oxygenation in
other acute respiratory failure settings. This
point has become even more relevant after
observing the silent hypoxia that occurs in
patients with COVID-19,31 which can often
delay the diagnosis and consequently the
management of acute respiratory failure.

Several possible explanations have been
considered for the occurrence of silent hyp-
oxia in patients with COVID-19, including
reduced patient perception due to the
absence of dyspnea associated with a hyp-
oxic condition with normal PaCO2.

31–33 In
addition, the virus may exert a direct action
on the nervous system and brain, causing
changes in the mechanisms responsible for reg-
ulating respiration.33 There is also some evi-
dence that the virus acts on blood vessels
and endothelial cells, causing loss of hypoxic
vasoconstriction,34 which would lead to hyper-
perfusion of compromised lung regions.35

Pneumonia is the leading cause of hypox-
ia in patients with the disease. Importantly,
unlike bacterial pneumonia, in SARS-
CoV2-induced pneumonia, there is a tenden-
cy towards alveolar collapse (atelectasis and
micro atelectasis), which causes hypoxia.36

The sequence of events that culminates in
the alveolar collapse seen in COVID-19
appears to begin with damage to alveolar
cells (type II pneumocyte), which leads to
surfactant dysfunction and alveolar instabil-
ity, predisposing to collapse and atelectasis.

Villar et al 9



The collapsed air spaces are then ‘epithelial-
ized’, resulting in the septal formation and
loss of alveolar function.37

Hypoxia-inducible factor (HIF-1) plays a
key role in the onset and perpetuation of hyp-
oxic conditions. HIF-1 is a transcriptional
factor that regulates oxygen homeostasis
intracellularly and is activated under low
oxygen conditions. Activation of HIF-1
results in some adaptive events to the hypoxic
situation (increased ventilation, switch from
aerobic to anaerobic processes, and increased
vascularization).38 However, its activation
may lead to further damage to endothelial
cells and epithelial cells, leading to increased
inflammation through the recruitment of
cytokines, chemokines, and inflammatory
mediators. Interestingly, one of the subunits
(HIF1-a) has a potent effect on angiotensin-
converting enzyme-2 (ACE-2) gene expres-
sion. Thus, hypoxia appears to increase
ACE-2 receptor gene expression in the early
stages, which may worsen infection in
COVID-19 and increase damage to lung
cells, although, in the later stages of the dis-
ease, a reduction in ACE-2 expression is
observed.39 Hypoxia also drives the immune
reactions of cells involved in the inflammatory
storm (eosinophils, basophils, mast cells) seen
in patients with COVID-19.40

Hypoxia is a harmful condition for cellu-
lar homeostasis, and in the case of COVID-
19, there may be longer periods of exposure
to tissue hypoxia due to some mechanisms
that probably result directly from viral
action, as described above. These findings
clarify the important role of hypoxia in the
persistence of lung structural findings, as
seen on the present imaging exams.

Although there are differences and par-
ticularities in the functioning and sensitivity
of oximetry in specific population groups,41

due to the extreme simplicity of this mea-
surement, the current findings acquire great
clinical relevance.

The true meaning of the radiological per-
sistence of residual pulmonary changes

after COVID-19 remains uncertain, since
most patients recover over time, with a
few cases remaining with abnormalities
after 12 months.14 However, the occurrence
of pulmonary fibrosis secondary to
COVID-19 has been already described in
the medical literature, including the possi-
ble role of antifibrotic agents as a treatment
option and even lung transplantation.42,43

In addition to being a risk predictor for
radiological changes at follow-up in the
present study, severe oxygen desaturation
on admission (<88%) was associated with
shorter distances in the 6MWT. Likewise,
patients who received mechanical ventila-
tion during hospitalization walked shorter
follow-up distances. Another interesting
association was that patients with abnormal
CT at 3–6 months following discharge pre-
sented with shorter 6MWD compared with
those with no radiologic abnormalities.
Correlations between walking distance in
the 6MWT and disease severity have also
been reported in previously published stud-
ies.8,26–28,30 The clinical impact of this out-
come remains unclear and requires
additional research and follow-up.

In the present association analyses, the
severity of initial CT involvement did not
help to predict who remained with radiolog-
ical changes, nor who had reduced FVC or
walked shorter distances on the 6MWT.
Radiological involvement at hospital admis-
sion had a moderate positive correlation with
a longer ICU stay. Few studies have searched
for this correlation between admission CT
involvement and functional assessment after
discharge. In the prospective Chinese cohort
study by Wu et al,14 an association was found
between peak CT involvement during hospi-
talization and persistence of abnormal CT,
but no association with DLCO< 80% of pre-
dicted. Another study, which followed
patients for 12 months, found no association
between initial CT severity and the persis-
tence of radiological changes after 1 year
(P¼ 0.301).44 This dissociation may suggest

10 Journal of International Medical Research



the limited role of CT alone to stratify and

predict the risk of lung functional and struc-

tural sequelae.
The results of the present study may be

limited by several factors, including the dif-

ficulty in maintaining patient compliance

with outpatient consultations and tests.

The great social and emotional impact

caused by COVID-19, coupled with the pro-

gressive and sometimes rapid improvement

of symptoms and functionality of these indi-

viduals after hospital discharge, are factors

that might explain this noncompliance.

Although 13 patients had a history of respi-

ratory disease, none of them had previous

hypoxemia, which may have affected the

results of the statistical analysis. Moreover,

the single-center study setting, and the inclu-

sion of patients hospitalized with COVID-19

pneumonia, selecting participants with a

more severe clinical status, may prevent the

generalization of the present results to

patients with distinct disease severity.
In conclusion, the present findings

emphasized the importance of evaluating

initial hypoxemia, not only for diagnosing

acute respiratory failure, but also for pre-

dicting the persistence of functional and

radiological changes after discharge. The

long-term clinical and functional signifi-

cance of these abnormalities remains uncer-

tain and requires further investigation.
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27. González J, Ben�ıtez ID, Carmona P, et al.

Pulmonary function and radiologic features

in survivors of critical COVID-19: a 3-month

prospective cohort. Chest 2021; 160: 187–198.
28. Huang Y, Tan C, Wu J, et al. Impact of

coronavirus disease 2019 on pulmonary

function in early convalescence phase.

Respir Res 2020; 21: 163.
29. Lerum TV, Aaløkken TM, Brønstad E, et al.

Dyspnoea, lung function and CT findings 3

months after hospital admission for

COVID-19. Eur Respir J 2021; 57: 2003448.
30. Anastasio F, Barbuto S, Scarnecchia E, et al.

Medium-term impact of COVID-19 on pul-

monary function, functional capacity and

quality of life. Eur Respir J 2021; 58: 2004015.
31. Rahman A, Tabassum T, Araf Y, et al.

Silent hypoxia in COVID-19: pathomechan-

ism and possible management strategy. Mol

Biol Rep 2021; 48: 3863–3869.
32. Tobin MJ, Laghi F and Jubran A. Why

COVID-19 silent hypoxemia is baffling to

physicians. Am J Respir Crit Care Med

2020; 202: 356–360.
33. Henderson E. Silent hypoxia and its role in

COVID-19 detection. News-Medical, https://
www.news-medical.net/news/20200603/Sile
nt-hypoxia-and-its-role-in-COVID-19-detec
tion.aspx (2020, accessed 20 July 2022).

34. Pappas S. ‘Silent Hypoxia’ may be killing
COVID-19 patients. But there’s hope. Live
Science, https://www.livescience.com/
silent-hypoxia-killing-covid-19-coronavirus-
patients.html (2020, accessed 2 May 2020).

35. Al Harun MA, Hossain MM, Bari MA, et al.
Pulse oximetry is essential in homemanagement
of elderly COVID-19 patients. Bangladesh J

Otorhinolaryngol 2020; 26: 55–67.
36. Teo J. Early detection of silent hypoxia in

Covid-19 pneumonia using smartphone
pulse oximetry. J Med Syst 2020; 44: 134.

37. Ochs M, Timm S, Elezkurtaj S, et al.
Collapse induration of alveoli is an ultra-
structural finding in a COVID-19 patient.
Eur Respir J 2021; 57: 2004165.

38. Ziello JE, Jovin IS and Huang Y. Hypoxia-
Inducible Factor (HIF)-1 regulatory path-
way and its potential for therapeutic
intervention in malignancy and ischemia.
Yale J Biol Med 2007; 80: 51–60.

39. Zhang R, Wu Y, ZhaoM, et al. Role of HIF-
1a in the regulation ACE and ACE2 expres-
sion in hypoxic human pulmonary artery
smooth muscle cells. Am J Physiol Lung

Cell Mol Physiol 2009; 297: L631–L640.
40. Dahlin JS and Hallgren J. Mast cell progen-

itors: origin, development and migration to

tissues. Mol Immunol 2015; 63: 9–17.
41. Crooks CJ, West J, Morling JR, et al. Pulse

oximeter measurements vary across ethnic
groups: an observational study in patients with
COVID-19. Eur Respir J 2022; 59: 2103246.

42. Spagnolo P, Balestro E, Aliberti S, et al.
Pulmonary fibrosis secondary to COVID-19:
a call to arms? Lancet Respir Med 2020; 8:
750–752.

43. King CS, Mannem H, Kukreja J, et al. Lung
transplantation for patients with COVID-
19. Chest 2022; 161: 169–178.

44. Chen Y, Ding C, Yu L, et al. One-year
follow-up of chest CT findings in patients
after SARS-CoV-2 infection. BMC Med

2021; 19: 191.

Villar et al 13

https://www.news-medical.net/news/20200603/Silent-hypoxia-and-its-role-in-COVID-19-detection.aspx
https://www.news-medical.net/news/20200603/Silent-hypoxia-and-its-role-in-COVID-19-detection.aspx
https://www.news-medical.net/news/20200603/Silent-hypoxia-and-its-role-in-COVID-19-detection.aspx
https://www.news-medical.net/news/20200603/Silent-hypoxia-and-its-role-in-COVID-19-detection.aspx
https://www.livescience.com/silent-hypoxia-killing-covid-19-coronavirus-patients.html
https://www.livescience.com/silent-hypoxia-killing-covid-19-coronavirus-patients.html
https://www.livescience.com/silent-hypoxia-killing-covid-19-coronavirus-patients.html

	table-fn1-03000605231177187
	table-fn2-03000605231177187
	table-fn3-03000605231177187
	table-fn4-03000605231177187
	table-fn5-03000605231177187
	table-fn6-03000605231177187
	table-fn7-03000605231177187
	table-fn8-03000605231177187
	table-fn9-03000605231177187
	table-fn10-03000605231177187
	table-fn11-03000605231177187

